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Abstract 
 
The agricultural element (EA) of certain processed agricultural products (PAPs) is an element of the tariff classification 
and the determination of import duties of imported products. Commission Regulation (EC) No 900/2008 lays down 
provisions and analysis methods for certain parameters necessary for the determination of the agricultural element. The 
milk fat content is one of the parameters related to the agricultural element. A problem became apparent when the 
analysis of an instantised whey protein concentrate (WPC) imported from the USA into the EU revealed that the milk fat 
contained in the product was much below the expected one. This caused the classification of the product under a different 
additional code in the “Meursing” table, leading to a disadvantage of the importer. The Administrative Arrangement (AA) 
S12.670777-1 between DG Enterprise (DG ENTR) and DG Joint Research Centre (DG JRC) was set up to elucidate the 
reasons for this anomaly, to characterise the magnitude of the underestimation across relevant dairy products, and to 
propose a solution for the determination of the appropriate additional tariff code of concerned PAPs. 
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EXECUTIVE SUMMARY 
The agricultural element (EA) of certain processed agricultural products (PAP) is an element 
of the tariff classification and the determination of import duties of imported products. 
Commission Regulation (EC) No 900/2008 lays down provisions and analysis methods for 
certain parameters necessary for the determination of the agricultural element. The milk 
fat content is one of the parameters related to the agricultural element.  
Point (a) of Article 2(3) of Commission Regulation (EC) No 900/2008 defines the procedure 
for the evaluation of the milk fat content of PAPs when all fat contained in the product is 
milk fat. In this case the milk fat content is determined by hydrolysis of the product with 
hydrochloric acid followed by extraction with light petroleum. However, in case any other 
fat than milk fat was added to the PAP, the proportion of milk fat in the total fat content 
has to be determined according to point (b) of Article 2(3). For this purpose, the butyric acid 
content serves as a quantitative marker for milk fat. The milk fat content in the total fat 
fraction is determined by the proportion of butyric acid, determined as its methyl ester, of 
the fat fraction multiplied by a factor of 25. Hence, a content of 4 % butyric acid methyl 
ester would indicate 100 % milk fat.  
A problem became apparent when the analysis of an instantised1 whey protein concentrate 
(WPC) imported from the USA into the EU revealed that the milk fat contained in the 
product was much below the expected one. This caused the classification of the product 
under a different additional code in the “Meursing” table2, leading to a disadvantage of the 
importer. The Administrative Arrangement (AA) S12.670777-1 between DG Enterprise3 (DG 
ENTR) and DG Joint Research Centre (DG JRC) was set up to elucidate the reasons for this 
anomaly, to characterise the magnitude of the underestimation across relevant dairy 
products, and to propose a solution for the determination of the appropriate additional 
tariff code of concerned PAPs. The effect of certain processes used by the dairy industry, 
such as i) centrifugation (skimming), ii) coagulation (cheese making) and iii) churning 
(butter making) were studied at the pilot plant as well as the industrial scale. EU dairy 
industry provided powdered milk products differing in milk fat content such as whole milk 
and skim milk powder, whey powder and whey protein concentrates. The analysis of all 
samples revealed that the ratio of butyric acid methyl ester to total fat changes during 
skimming, coagulation, and churning, irrespective of the provenance of the samples. We 
1
 “instantised” means with addition of emulsifiers such as lecithin 
2
 Table 1 to Annex 1 to section I to Part three of Annex I to Regulation (CEE) No 2658/87 
3
 Since 01.01.2015: DG for the Internal Market, Industry, Entrepreneurship and SMEs (DG GROW) 
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assume that this effect is due to the separation of large fat globules, containing the 
majority of butyric acid, from small fat globules during the skimming, coagulation, and 
churning process. The latter are, compared to the large milk fat globules, richer in 
phospholipids, which do not contain butyric acid. The butyric acid methyl ester content of 
the tested skim milk and whey powders were in the range between 1.8 % to 2.5 % instead 
of 4 %, the latter being the basis of the calculation of the milk fat amount. For this reason 
a conversion factor of 50 instead of 25 might be more appropriate for the calculation of 
the milk fat amount in the case of low-fat high-protein containing dairy ingredients. 
The effect of the depletion of butyric acid on tariff classification according to CN codes and 
according to additional Meursing codes of PAPs was further investigated and potentially 
affected CN codes were identified. Skimmed dairy products having a depleted butyric acid 
content in their constituent fat are contained in a number of food products, which are 
covered by different CN codes. Issues with tariff classification might affect products 
covered by CN codes 1806 9070, 2106 1080, and potentially also for products falling 
under CN 1901 9099. The Directorate-General for the Internal Market, Industry, 
Entrepreneurship and SMEs (DG GROW) in collaboration with the Directorate-General 
Taxation and Customs Union (DG TAXUD) screened import declarations of the last three 
years. They identified also under other CN codes PAPs containing low- milk fat and high-
milk protein levels. Based on the declared composition of these PAPs, DG GROW expects 
potential effects on tariff classification of these products as well. 
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TERMS OF REFERENCE 
The purpose of the Administrative Arrangement (AA) JRC S12.670777-1 between DG 
Enterprise4 (DG ENTR) and the Joint Research Centre (JRC) was: 
(i) to provide scientific support to clarify the reason for anomalies in respect of the test set 
out in point (b) of Article 2(3) of Regulation (EC) No 900/2008 for the determination of 
the milk fat content resulting from high-protein and low-fat dairy ingredients in 
processed agricultural products; 
(ii) to define under which conditions those anomalies occur; 
(iii) to identify the dairy ingredients and the processed agricultural products concerned; 
and 
(iv) to propose a modification of the basic principles of the test to account for the 
anomalies. 
In short, the project comprised three consecutive experimental parts. In the first part, the 
influence of unit operations such as creaming skimming, churning, and coagulation on the 
depletion of butyric acid were investigated on the laboratory scale, followed by 
confirmation of the findings on industrial scale. Finally, a number of industrial dairy 
products were investigated for estimation of the magnitude of depletion of butyric acid in 
the products.  
The AA foresaw a clear structure of tasks that had to be realised in the frame of the 
project. However, for practical considerations the three different project parts were 
executed rather in parallel than sequential. 
4
 Since 01.01.2015: DG for the Internal Market, Industry, Entrepreneurship and SMEs (DG GROW) 
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INTRODUCTION 
Milk of ruminants is produced in large quantities. The Food and Agriculture Organization 
(FAO) of the United Nations estimated for 2013 a production volume of 780 million tons 
and the world trade (excluding EU internal trade) of dairy products to 58 million tons of 
milk equivalents [1]. However, milk is hardly ever traded in raw form. The collected raw milk 
is processed after clarification and pasteurisation to several important agricultural products 
such as cream, butter, skimmed and whole milk and cheese. An overview of the complexity 
of dairy products produced from milk is given in ANNEX 1 [2]. International trade occurs 
primarily in the form of powders, as the shelf life of liquid milk products is rather short. 
Codex Standard (CXS) 207-1999 defines the minimum requirements for milk powders and 
cream powders [3]. It distinguishes four classes of milk powders depending on their milk 
fat content: i) cream powder with a minimum of 42 % of milk fat, ii) whole milk powder (26 
% to 42 % milk fat), iii) partially skimmed milk powder (1.5 % to 26 % milk fat) and iv) 
skimmed milk powder (<1.5% milk fat). The definitions given in CXS 207-1999 agree with 
the definitions specified in Annex I of Council Directive 2001/114/EC [4]. In a similar 
manner Codex Standard 289-1995 sets the specifications for whey powders, but in 
contrast to CXS 207-1999 does not specify minimum and maximum milk fat contents [5]. 
Alternatively, it identifies a milk fat content of 2 % (m/m) as typical. Whey protein 
concentrates (WPCs) are not covered by Codex Standards. However, the US Dairy Export 
Council provides information on the fat content of WPCs such as WPC 80, which should 
contain a minimum of 80 % milk protein and a milk fat content in the range of 4 % to 8 % 
(m/m). 
Raw milk is usually composed of about 4 % fat, 3.2 % proteins, 4.6 % lactose and a 
number of micronutrients [6]. However, the actual composition of bovine milk is influenced 
by the breed, lactation stage, as well as feeding practices. The vast majority of the total fat 
is contained in the form of fat globules. They are synthesised and secreted in the 
mammary gland. Fat globules consist of triglycerides, which are covered by a phospholipid 
membrane. The size of the droplets varies in raw milk over a wide range, from 0.1 µm to 
15 µm in diameter [7]. The majority of triglycerides is contained in the large fat globules 
[7]. The triglycerides in milk fat contain, in contrast to other non-ruminant fats and 
vegetable oils, butyric acid. The level of butyric acid is subject to natural variability, which 
depends to a great extent on the type of feed consumed. Jensen et al [8] reported for 
bovine milk an average butyric acid content of 3.5 %. 
 9 
The fat globules are dispersed in the milk serum. As well as carbohydrates and minerals, 
the milk serum contains casein micelles, which form the basis for the production of cheese. 
In this process, casein is coagulated by the addition of either acid producing starter 
bacteria, or the enzyme rennet, or a combination of both. Fat globules are enclosed in the 
coagulated casein matrix. The remaining serum is whey, which was in former times either 
disposed of or used for the production of feed. Whey contains proteins such as 
lactoglobulins and lactalbumins, lactose and other carbohydrates, vitamins, and minerals. 
The fat content of whey is usually low (in the range of less than 0.1 %). However, industry 
developed a number of products that increased the commercial value of this by-product 
from cheese production enormously. Nowadays it is notably used in drinks, in cosmetics, as 
a baking ingredient in breads and rolls, for cheese production, in cheese spreads, 
chocolates and in candies. Of high commercial value are WPCs, which are traded in the 
form of powders. These concentrates, with varying protein content, are used in athlete 
nutrition and for the preparation of diet food for the reduction of weight.   
 
Processed agricultural products (PAPs) are subject to tariff classification (CN nomenclature 
and additional codes) in international trade. For some categories of PAPs, the applicable 
tariffs depend on the agricultural element (EA) of the respective product. The agricultural 
element is, in the case of dairy based and many other PAPs containing milk or milk 
fractions, determined by the milk fat and milk protein content. Commission Regulation (EC) 
No 900/2008 lays down methods of analysis and other technical provisions necessary for 
the arrangement of import of certain goods resulting from the processing of agricultural 
products [9]. Article 2 (3) of this Regulation defines the procedure for determining the milk 
fat content of PAPs. In the absence of foreign fats (i.e. non-milk fat), the milk fat content is 
determined by the extraction of the total fat of the respective good with light petroleum, 
preceded by hydrolysis with hydrochloric acid. However, in the presence of fats other than 
milk fat, the fat extracted as described before is converted into fatty acid methyl esters, 
and analysed by gas chromatography. Butyric acid methyl ester is used as a marker for the 
presence of milk fat, and the proportion of milk fat in the extracted total fat is derived by 
multiplying the per cent ratio of butyric acid methyl ester (g/100 g extracted fat) by the 
factor of 25, assuming thereby a constant butyric acid content of milk fat of 3.4 g/100 g 
fat (equal to 4 g butyric acid methyl ester /100g fat). 
Recent analyses done by the JRC pointed to a reduction of butyric acid in the fat extracted 
from whey protein concentrates, which were imported from USA into the EU, by about 
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50 % compared to butter fat. It was postulated that the depletion is due to size 
discrimination of milk fat globules during the production process of whey. As a 
consequence of such depletion, the milk fat content was underestimated by the prescribed 
analysis method. Therefore, concerned goods were, based on the additional code in the 
Meursing tables, classified into a different tariff category, to the financial disadvantage of 
the importer. For this reason DG GROW commissioned JRC to carry out research to 
estimate the magnitude of the depletion of butyric acid, at which stage of milk processing 
the depletion occurs, which products are affected and how this can be considered in 
relevant legislation. The goal was to find a solution that keeps also in mind the practical 
implementation of relevant analytical procedures in customs laboratories. 
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EXPERIMENTAL 
Milk fat extraction and determination of butyric acid content of dairy 
powders 
Solid samples were extracted by application of the Weibull-Stoldt fat extraction 
method, which corresponds with the principles described in Commission 
Regulation (EC) No 900/2008. The weight of the extracted residue was 
determined gravimetrically and fatty acids contained in triacylglycerols and 
other lipids were transferred with sodium methanolate into the respective 
methyl esters prior to measurement by gas chromatography with flame 
ionisation detection (GC-FID). Methyl valerate was used as internal standard and 
added to the sample prior to transesterification. The analysis scheme is 
presented in ANNEX 2. Only esters with relative abundance above 1 % were 
included in the evaluation. 
Milk fat extraction and determination of butyric acid content of liquids 
Liquid samples were analysed prior to drying in order to study the effect of 
drying processes on the milk fat composition. Liquid samples were extracted 
according to ISO 14156:2001. The standard describes the extraction of milk 
lipids according to the Röse-Gottlieb extraction method. This method uses 
ethanol, an ammonia solution, diethyl ether, and n-pentane for the extraction of 
the lipids from the milk serum. The lipid fraction is recovered by evaporation of 
the organic solvent and further derivatised with sodium methanolate to the 
respective fatty acid methyl esters. The measurement of the esters occurred as 
presented before. The scheme of the Röse-Gottlieb fat extraction method is 
presented in ANNEX 2. 
Milk fat extraction and determination of phospholipids 
The lipid fraction was isolated from the samples by extraction with 
chloroform:methanol (2:1), as described by Le et al. [10]. A portion of the 
extracted fat was dissolved in the mobile phase and analysed by high 
performance liquid chromatography with evaporative light scattering detection, 
as proposed earlier by Rombaut et al. [11]. The instrument was calibrated with a 
commercial mixture "Phospholipid Mixture for HPLC" (Supelco cat. No 
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P3817-1VL; Sigma-Aldrich BVBA, Diegem, Belgium) containing 
phosphatidylcholine, phosphatidylinositole, and phosphatidylethanolamine. The 
scheme of the extraction method is presented in ANNEX 2. 
 
SAMPLES  
Raw whole milk samples for laboratory experiments were supplied by a local farmer. These 
samples were not processed at all. Several products along the processing chain of milk 
were produced at the local farm that is equipped with pilot plant sized production 
equipment. A short overview on the production process is given in ANNEX 3. 
Industrial products were supplied by 9 different companies from the dairy industry. Not 
only dairy products but also some dairy based PAPs were represented in the sample set, 
which comprises different products. The majority of samples consisted of whey protein 
concentrates (WPCs) with at least 60 % protein content. Sweet whey powders, butter milk 
powders, and skimmed milk powders were also among the samples. Table 1 presents an 
overview of the samples received from industry. 
At the end of the project the question was raised whether casein and/or caseinates could 
be affected by a potential depletion of butyric acid as well. For a swift response, casein and 
caseinate samples were acquired from Sigma-Aldrich BVBA, a supplier of laboratory 
chemicals. The casein sample was of technical grade and stems from the USA, whereas the 
caseinate sample (sodium salt of casein) was produced in Germany. It should be mentioned 
that these samples do not necessarily represent casein/caseinates used by the food 
industry. 
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Table 1: Samples received from industry 
Matrix Number 
Butter milk powder 4 
Instantised skim milk powder 1 
Whole milk powder 3 
Skim milk powder (SMP) 4 
Acid whey powder 1 
Sweet whey powder 5 
Sweet whey permeate powder 1 
Lactalbumin concentrate 2 
Total milk protein (TMP) 7 
Whey protein concentrate (WPC) 17 
Whey protein concentrate instantised 10 
Casein and caseinate 2 
 
Products which were studied in the course of this project are highlighted in Figure 1. 
Products highlighted in yellow were received from industry, whereas products highlighted in 
green were produced at the pilot plant. 
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Figure 1: Dairy products covered by the project 
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RESULTS AND DISCUSSION 
 
Validation of analytical methods used in the study 
A chromatogram of fatty acid methyl esters obtained from one of the tested WPC samples 
is shown in ANNEX 2. The instrument was calibrated with F.A.M.E. Mix C4-C24 (Supelco, 
18919-1AMP, Sigma-Aldrich, Diegem, Belgium), and methyl valerate (Sigma, 94560-5ML, 
Sigma-Aldrich, Diegem, Belgium) as internal standard. The performance of the analysis 
method was validated regarding precision and trueness. The relative repeatability standard 
deviation of replicate analyses of butyric acid methyl ester obtained from whey protein 
concentrate samples with fat contents between 3 % and 6 % was below 4 %. Trueness 
was estimated via recovery experiments, by spiking glycerol tributyrate into WPC samples. 
The fortification level was equal to 2 g butyric acid methyl ester /100 g fat. Recovery rates 
were in the range of 98.2±4.2 %. Additionally the butyric acid methyl ester content of 
butter was determined. The average result of replicate determinations was 4.1 % with a 
standard deviation of 0.2 % (three replicate analyses). Based on these results it can be 
stated that there is no significant difference of the measured values from the expected 
values. Hence, the analysis method provided correct results. 
Polar lipids such as phospholipids require for their complete extraction appropriate 
extraction procedures such as the one proposed by Folch et al [10]. Avalli et al [12] 
demonstrated that phosphatidylinositol and phosphatidylserine are not sufficiently 
extracted by the Röse-Gottlieb extraction in comparison to the use of chloroform:methanol. 
Influence of dairy unit operations on depletion of butyric acid of milk fat 
The industrial production process of relevant PAPs was simulated at pilot plant scale. 
Cooperation with a local farmer was set up for this purpose. All studied products, which are 
indicated in Figure 1 in green colour, were made from the same raw milk. Liquid fractions 
were lyophilised and the resulting powders were analysed as described before. The unit 
operations studied were i) skimming, ii) churning, and iii) coagulation, which is the basis for 
cheese fabrication. The resulting products with low fat content in their dry matter, which 
are of interest for the purpose of this project, are i) skim milk, ii) buttermilk and iii) whey. 
Each experiment was conducted in replicate. An attempt was made to simulate industrial 
ultrafiltration of whey on a laboratory scale by using a laboratory scale ultrafiltration unit 
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(Minimate® TFF, Thermo Scientific). However, the capacity of the ultrafiltration cell was not 
sufficient to produce the amount of whey protein concentrate that would have been 
needed for the determination of the butyric acid content. For this reason, ultrafiltration at 
laboratory scale was not further pursued. Anyhow, the analysis of the products highlighted 
in green in Figure 2 allowed already identifying the processing step which caused the 
depletion of butyric acid. Figure 2 contains the average milk fat content determined for the 
different products. The butyric acid methyl ester contents given in red font were 
significantly different from the butyric acid content of the raw milk fat. Already the 
skimming process led to a depletion of butyric acid in the residual milk fat. The fat content 
in the dry matter was in the range of 0.1 % for whey, 1.3 % for skimmed milk to 8.5 % for 
buttermilk. All other products indicated in Figure 2 by green colour contained at least 31 % 
fat in the dry matter.  
 
Figure 2: Milk products produced from raw milk in a pilot plant. 
Figures represent the average butyric acid methyl ester content expressed in g/ 100 g fat 
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Study of industrial products 
Dairy industry supplied 55 different products, as indicated in Table 1. Most samples were 
received in form of dry powders. The majority of samples comprised WPCs with protein 
contents between 60 % and 80 %. The determination of the butyric acid content of the fat 
extracted from industrial samples was done as described before. Figure 3 presents the 
results of the analyses. 
Figure 3: Butyric acid methyl ester content (g/100 g fat) of industrial dairy products. 
 
WPC: whey protein concentrate, SMP: skim milk powder, SWP: sweet whey powder, SOP: acid whey powder, 
BM: butter milk powder, WPCi: whey protein concentrate powder instantised, TMP: total milk protein, LAP: 
lactalbumin concentrate, SWPP: sweet whey permeate powder  
 
It is obvious that the studied samples contained significantly less butyric acid (expressed 
as methyl ester) than literature on milk fat composition suggests [13]. The values cannot 
even be explained taking the biological variation of the butyric acid content of milk fat, as 
determined by Molkentin and Precht, into account [13]. The butyric acid methyl ester 
content of most samples was in the range of 1.7 to 2.2 g/100 g fat. The mean butyric acid 
methyl ester value was 1.90 g/100 g fat, the corresponding standard deviation was 0.28 
g/100 g fat. The median (1.89 g/100 g fat) agreed well with the mean. The minimum was 
1.35 g/100 g fat (WPC instantised by the addition of lecithin) and the maximum was 
2.50 g/100 g fat (sweet whey powder). The very low value observed for a sweet whey 
permeate powder has to be seen with caution, as this product did contain almost no fat, 
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which made the total fat determination very difficult.   
  
Applying the method for converting the estimated amount of butyric acid methyl ester into 
milk fat as specified in Commission Regulation (EC) No 900/2008, to those products, would 
provide relative milk fat contents of the extracted fat between 42.5 % and 55 %, which is 
obviously not correct as the analysed dairy products did by declaration not contain any 
other fat than milk fat. The total fat content of WPCs were in the expected range, whereas 
the total fat content of skim milk powders and whey powders was significantly lower. 
Figure 3 shows that the total fat content for both product groups was below 1.0 %. The 
butyric acid methyl ester contents in the milk fat of the tested skim milk and whey 
powders (sweet whey powder / acid whey powder) were in the range between 1.8 % to 
2.5 %. Butyric acid methyl ester contents below 1.5 g/100 g fat were found only for three 
finished (instantised and flavoured) WPCs and for one sweet whey permeate powder.  
 
Earlier studies reported an average butyric acid content of 136 European milk fat samples 
of 3.42 g/100 g fat with a standard deviation of 0.144 g /100 g fat [13]. Considering the 
difference in molecular weight this translates to 3.96±0.167 g / 100 fat butyric acid 
methyl ester. The relative standard deviation equals to 4.2 %. The spread of butyric acid 
methyl ester content, expressed as standard deviation, was for WPCs in the range of 5.5 %. 
The corresponding figures for milk protein concentrates, buttermilk powders, sweet whey 
powders and skim milk powders were 12.6 %, 16.4 %, 12.0 %, and 5.7 % respectively. It 
has to be noted that the reference value (3.96 g/100 g fat), on which the method provided 
for in point (b) of article 2(3) of Regulation (EC) No 900/2008 was based, was determined 
in pure milk fat obtained by melting butter. Literature data on the butyric acid content of 
fat obtained from other dairy products, in particular those low in fat content, are scarce. In 
this respect it has to be noted that the measurement of milk fat in dry dairy powders is 
quite complex. It requires an extraction procedure which contains many sample 
manipulation steps, and due to the low fat contents of the samples the handling of small 
amounts of fat. Each manipulation adds a certain level of variability to the whole assay, 
which explains repeatability relative standard deviations of the fat determination in the 
range of 2 % up to about 14 %. This level of variability adds to the variability of the 
transesterification reaction, which yields butyric acid methyl ester, and gas 
chromatographic measurement. 
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The low amount of butyric acid methyl ester in the fat present in the studied industrial low-
fat dairy products could be caused either by a depletion of butyric acid in the residual milk 
fat, or by the addition of foreign fats, which do not contain butyric acid. The addition of 
foreign fats to the products is unlikely as a high fat content does not give extra commercial 
value to the concerned products.  
Contrary, residual lipids cause problems with regard to technological functionality of 
powdered milk products and development of off-flavour due to lipid oxidation [14, 15]. 
Residual lipids in liquid whey have also been associated with negative impact on processes 
such as ultrafiltration and reverse osmosis [16]. The likelihood of deliberate addition of 
foreign fats is further decreased by the fact that the investigated products came from 
different companies, which would require for e.g. for all WPCs the same level of 
fortification with foreign fats. Molkentin [17] reported a depletion of butyric acid in 
different low fat milk products obtained from the same raw milk, which was of a similar 
magnitude as seen in this study. The findings from the analysis of samples produced at the 
pilot plant confirmed the results found for the industrially produced products. Figure 4 adds 
to the data for industrial samples (in red) data from samples produced at the pilot plant 
(green symbols). Data reported by Molkentin are displayed in Figure 4 in blue colour [16]. 
Both data points have to be understood as mean of duplicate analysis.  
The butyric acid methyl ester content of the fat in sweet whey and whole milk obtained 
from the pilot plant agreed with data for industrial samples. It has to be noted that the 
total fat contents of skim milk and buttermilk produced at the pilot plant were higher 
compared to samples from the dairy industry. Especially the fat content of buttermilk was 
much higher than that of comparable industrial samples, which can be explained by the 
better separation efficiency of milk centrifuges used by industry in comparison to a small 
scale production facility at a dairy farm. The higher fat content of the buttermilk might 
explain the, compared to industrial products, higher butyric acid content measured in the 
pilot plant sample. However, samples produced at the pilot plant and data from literature 
confirm the butyric acid methyl ester levels measured in industrial samples. Therefore, it is 
concluded that the depletion of butyric acid occurs primarily during the centrifugation of 
milk to separate cream from skim milk, churning of cream, which results in butter and 
buttermilk, and coagulation of milk which provides cheese and whey. 
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Figure 4: Butyric acid methyl ester contents determined in i) industrial products and ii) 
products from the pilot plant, complemented with iii) data from literature. 
 
WPC: whey protein concentrate, SMP: skim milk powder, SWP: sweet whey powder, SOP: acid whey powder, 
BMP: butter milk powder, WPCi: whey protein powder instantised, TMP: total milk protein, LAP: Lactalbumin 
concentrate, SWPP: sweet whey permeate powder, PP BMP: butter milk powder from pilot plant, PP SWP 
sweet whey powder from pilot plant, PP SM skim milk powder from pilot plant, Lit SMP: skim milk powder 
data from [16], Lit BMP buttermilk powder from [16] 
 
The panel of samples analysed contained also instantised powders. Instantisation 
facilitates the dissolution of the powder in water, and occurs usually by the addition of 
lecithin to the product. Lecithin is a generic term comprising next to other substances 
different phospholipids such as phosphatidylcholine, phosphatidylethanolamine, and 
phosphatidylinositol. In the EU lecithin is an authorised food additive, which is indicated by 
the number E 332. Lecithin may be added to milk products ad quantum satis5 [18]. The 
addition of lecithin is performed via an aqueous solution, which is sprayed onto the product 
granules, followed by drying. Typically, lecithin is added to the product in the range of 
about 0.5 % to 1 % of the dry mass of the product and will contribute to the total fat 
content of the product. As lecithin does not contain any butyric acid, its addition to dry dairy 
powders should have an impact on the butyric acid methyl ester / total fat ratio. It was also 
expected that the addition of lecithin would increase the total fat content compared to 
native products. However, this could not be proven in general. The green stars in Figure 3 
respectively dark grey stars in Figure 4, indicate instantised WPCs with 80 % to 90 % 
                                                        
5
 ‘ad quantum satis’ means “the amount which is needed” 
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protein content. The product specification sheets of these products clearly indicate that 
these products were instantised by the addition of soya lecithin. However, the butyric acid 
methyl ester contents did not significantly deviate from those of native WPCs. Exceptions 
provide three finished WPCs with butyric acid methyl ester values below 1.5 g / 100 g fat. 
The other instantised WPCs can neither be distinguished from native WPCs based on their 
fat content nor on the basis of the methyl butyrate values.  
The effect of the addition of soya lecithin on the butyric acid methyl ester contents of milk 
fat extracted from WPCs was studied in the laboratory. Native WPC samples were spiked 
with 1 % (mass/mass) of pure commercial soya lecithin, which corresponds to the upper 
level of technical application. Compared to native samples, the dilution effect of soya 
lecithin reduced the measured butyric acid methyl ester content by about 0.2 g/100 g fat. 
Preparations with lower lecithin contents will show of course smaller differences. Hence, 
the natural variability of the butyric acid content of native WPCs, paired with low 
concentrations of lecithin might mask the influence of instantisation on the butyric acid 
methyl ester results. This might explain the overlap of results as demonstrated in Figure 4. 
Full fat products were analysed besides skimmed products. Figure 5 presents results for 
industrial products, products prepared at the pilot plant and corresponding data from 
literature. Data for fat contents between 27 % and 36 % refer to whole milk powders. 
Cheese samples contained about 40 % fat, cream powder about 48 % of fat and butter 
about 82 % fat. The data point at 99.9 % corresponds to pure butterfat. The graph 
illustrates that whole milk powder and other products of high fat content are not affected 
by any depletion of butyric acid. This is confirmed by data presented for ripened cheese 
[19]. The butyric acid contents of only five out of 30 different cheeses were outside the 
range defined by the natural variation of milk fat. The decrease of measured butyric acid 
contents of these five cheeses was attributed to lipolysis of triacylglycerols during ripening. 
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Figure 5: Butyric acid methyl ester content in different dairy products (g/100 g fat). 
 
Casein and caseinates comprise low fat dairy products, which are used in different foods 
for altering the physical properties of the respective food, or for adding nutritional value to 
the food. Casein and caseinates are produced by precipitating the protein fraction of 
skimmed milk. Precipitation is initiated by rennet, inorganic acids, or lactic acid. After 
precipitation and separation of whey, casein is washed several times, and finally pressed 
and dried. Caseinates are formed by the treatment of casein with strong bases, such as 
sodium hydroxide. Both casein and caseinates contain typically 80-90% protein and 
between 0.6-1.3 % of fat. 
Chemical analysis of the casein and sodium caseinate sample revealed a depletion of 
butyric acid content compared to cream or butter fat. The butyric acid content, expressed 
as butyric acid methyl ester was in the casein sample 0.55 g/100g fat, and in the sodium 
caseinate sample 1.61 g /100 g fat. The latter is comparable with other skimmed milk 
products. However, the butyric acid level of casein was much lower. This might be reasoned 
by differences in the production process, which generally includes several rinsing steps to 
remove residual whey.  
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Evaluation of fatty acid profiles of low fat dairy products 
Fatty acid methyl ester (FAME) profiles were recorded for each studied product. Major 
FAMEs which contributed to the total FAME signal by more than one per cent were included 
in the evaluation. Figure 6 displays a chromatogram which was recorded for one WPC 
sample. 
Figure 6: Example of FAME chromatogram recorded for a WPC sample  
 
C4: butyric acid methyl ester, ISTD: valeric acid methly ester; C6: caproic acid methyl ester, C8: caprylic acid 
methyl ester, C10: capric acid methyl ester, C12: lauric acid methyl ester, C14: myristic acid methyl ester, 
C16:0 palmitic acid methyl ester, C18:0 stearic acid methyl ester, C18:1: oleic acid methyl ester 
 
The signals of FAMEs were normalised to the signal of butyric acid methyl ester, in order to 
identify any changes in the profile. The samples analysed in the project were grouped into 
four classes. The first class comprises i) all low fat dry powders that were produced by 
drying of the original product without any preceding compositional modification. Skim milk 
powder, buttermilk powder and whey powder fall into this class. The second class is formed 
by ii) whey protein concentrates with 60 % to 90 % protein content. Separately considered 
was in the evaluation iii) the group of instantised whey protein concentrates. The data for 
iv) whole milk products (raw milk, whole milk powder, cheese, butter and cream) were 
aggregated for comparison to skimmed products. Figure 7 presents the mean ratios for 
each FAME plus the corresponding confidence intervals of the mean values (indicated as 
whiskers). Overlapping whiskers indicate that differences are statistically not significant. 
Hence, it was concluded that the average fatty acid methyl ester profiles of the studied 
skimmed products do not differ from each other. 
It also becomes obvious that there is hardly any difference between whole fat products 
and skimmed products with regard to the normalized ratios for short chain fatty acids 
(C6:0/C4:0) up to medium chain fatty acids (C12:0/C4:0). However, whole fat products show 
lower normalized ratios for long chain fatty acid methyl esters compared to skimmed 
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products. The higher ratio for skimmed products is caused by the depletion of butyric acid 
compared to whole fat products. Similar relations can be calculated from data presented 
by Molkentin [17]. This data shows a depletion of butyric acid both in skimmed milk and 
buttermilk. However, he observed for buttermilk an additional relative depletion of volatile, 
short chain fatty acids of about 20 % during concentration and drying processes, if 
compared to the original buttermilk composition. A depletion of short chain fatty acids, 
such as butyric acid, in skim milk compared to cream was also reported by Timmen and 
Patton [20]. However, the differences found by them were small compared to the 
differences found in the present study and the ones derived from the data of Molkentin.  
Figure 7: Product class dependent average FAME signals normalised to butyric acid methyl 
ester 
 
WPC: whey protein concentrate, WPCi: instantised whey protein concentrate, SMP: skim milk powder, WP: whey powder, BMP: 
buttermilk powder 
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Phospholipids 
Milk contains different kinds of lipids which contribute to the total fat content. The major 
lipid fraction is formed by triglycerides, which are dispersed in the milk serum in form of an 
oil-in-water emulsion. Triglyceride globules are covered by a membrane, the milk fat 
globule membrane (MFGM). This stabilises the globules. It contains primarily polar lipids 
such as different phospholipids and sphingolipids, which act as intermediary between the 
polar aqueous and unpolar fat phase. This membrane has a three layer structure, with 
uneven distribution of the different polar lipids [21, 22].  
The separation of cream from the remaining skim milk causes a discrimination of the fat 
contained in the two phases. The cream phase consists primarily of large milk fat globules, 
while the lipids remaining in the milk serum are contained in small milk fat globules. The 
specific surface area of the small fat globules is much higher than that of the large fat 
globules. Inversely correlated to that is the triglyceride content. Hence, it is justified to 
assume a higher proportion of polar lipids in skimmed products compared to whole milk 
products and products from cream. Fat globules contain for example about 0.26 g of polar 
lipids / 100 g fat, whereas more than 22 g/100 g fat was described for the fat globule 
membrane [8]. The latter is enriched in buttermilk as a consequence of churning. Rombaut 
et al. investigated the distribution of phospho- and sphingolipids during processing of milk, 
butter, and whey [23]. They found polar lipids in skim milk, buttermilk, fresh cheese 
obtained from buttermilk, and acid whey at levels between about 19 g/100 g fat and 
33 g/100g fat. This is about 20 times to 33 times higher than in raw milk. 
Measurements conducted in the course of the project confirm this trend, but did not reach 
the levels reported by Rombaut, which can be partially explained by differences in the 
targeted analytes. Rombaut included in the polar lipids parameter next to the contents of 
phosphatidylethanolamine (PE), phosphatidylcholine (PC) and phosphatidylinnositole (PI), 
also the contents of phosphatidylserine (PS), sphingomyelin (SM), glucosylceramide 
(GLUCER), and lactosylceramide (LACCER). The data produced in this project cover only the 
earlier three, which account for about 55 % of the total polar lipid contents measured by 
Rombaut. Figure 10 presents the data acquired in this project. Noticeably, the phospholipid 
contents of whey powders and skim milk powders were extremely low compared to the 
results of Rombaut, despite the same analysis method was applied.  
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Figure 9: Phospholipid contents determined in different dried milk products 
 
PI: phosphatidylinositole; PC: phosphatidylcholine; PE: phosphatidylethanolamine; AWP: acid whey powder; 
SWP: sweet whey powder; SMP: skim milk powder; WMP: whole milk powder; BMP: buttermilk powder; MPC: 
milk protein concentrate; WPC: whey protein concentrate; WPCi: instantised whey protein concentrate 
  
 27 
Potential of alternative methods for the determination of milk fat in PAPs 
A number of boundary conditions for the determination of the milk fat content for tariff 
classification of PAPs have to be met in general:  
1. The method has to be applicable to a wide variety of PAPs differing widely in 
composition. 
2. The method has to be accurate to enable correct classification of PAPs 
according to the narrow milk fat ranges laid down in the Meursing Table 
(additional codes for PAPs).  
3. It must be possible to execute the method in customs laboratories of EU 
Member States.  
4. The method must be robust and economic, and specifically an alternative 
method compared to the one currently provided in point b of article 2 (3) of 
Regulation (EC) No. 900/2008. 
5. The method shall remediate the bias encountered with the method prescribed 
in Commission Regulation (EC) No 900/2008. 
 
Suitable markers for the determination of the amount of milk fat in mixtures with other fat 
than milk fat shall be (i) specific for milk fat and (ii) present in (nearly) constant amounts. 
Only few compounds fulfil those requirements; the most reliable and widely used is butyric 
acid, which occurs only in milk fat of ruminants. The method described in Commission 
Regulation (EC) No 900/2008 makes use of this marker.  
Alternative approaches to determining the amount of milk fat, such as using the 
information from the fatty acid, or triglyceride profile, have been developed, but have not 
found wide acceptance. 
 
Fatty acid profile: The measurement of butyric acid methyl esters according to the 
current system can be extended with little extra efforts to the whole fatty acid profile. 
However, the gained information will be hardly suitable to answer the question regarding 
the percentage of milk fat present in a particular PAP. It has been shown that the FAME 
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profile is not constant. Geographical variations, seasonal variations, lactation status, and 
feeding practices influence the fatty acid profile, as well as milk processing.   
It has to be taken into account that many PAPs contain other fats than milk fat (mainly 
vegetable fats), which are composed of the same major fatty acids as found in milk fat. 
Examples are products falling under CN Headings 1806, and 1905. Based on current 
knowledge, FAME profiles cannot be applied for the determination of the milk fat content 
of PAPs. 
Triglyceride profile: Triglyceride profiles can be applied to identify certain fats and oils 
and to identify potential adulterations. ISO 17678:2010 / IDF 202:2010 provides a 
reference method for the determination of milk fat purity by the gas chromatographic 
analysis of triglycerides [24]. It provides a highly precise method that is able to detect the 
addition of 14 different edible fats and oils to pure milk fat in the low percentage range. 
Similar approaches were used to identify the addition of cocoa butter equivalents to dark 
chocolate as well as to milk chocolate [25, 26]. ISO 17678:2010 / IDF 202:2010 applies to 
bulk milk and products made thereof, containing pure milk fat6. The scope of the standard 
explicitly excludes the application to milk fat obtained from skim milk or buttermilk. It may 
be only applied to products for which an unchanged milk fat composition can be assumed, 
in particular cream, whole milk, and whole milk powder The standard may further not be 
applied to fat that is gained by acidic hydrolysis as Commission Regulation (EC) No 
900/2008 prescribes.  
The application of single triglycerides, e.g. 1-palmitoyl-2-stearoyl-3-butyroyl-glycerol (PSB), 
as marker for the milk fat content, as it was proposed for milk chocolate has not been 
explored yet [27]. The performance of the single triglyceride method was for milk chocolate 
equal to the method based on butyric acid methyl ester. However, the single triglyceride 
method is applicable to chocolate containing whole milk fats. The applicability to other 
PAPs which might contain milk fats with depleted butyric acid contents (e.g. stemming from 
buttermilk powder) is questionable, as the PSB content might be depleted as well. 
Other parameters such as the phospholipid profile and cholesterol content are not specific 
for milk fat. 
In conclusion, for the time being no alternative analytical method exists that allows 
determining the milk fat content in PAPs without measuring butyric acid in either free form 
                                                        
6
 Pure milk fat is identified by the standard as "milk fat with unchanged composition, such as butter, cream, milk 
and milk powder". 
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(as an ester) or in form of triglycerides. Either approach might lead to wrong conclusions on 
the milk fat content of the respective PAP in case butyric acid depleted dairy products were 
used for its preparation. 
 
Evaluation of the impact of potential depletion of butyric acid in milk fat on 
tariff classification of PAPs 
 
An impact on tariff classification is experienced only if the depletion of butyric acids in the 
fat of the particular milk product leads, by application of the analysis method prescribed by 
Commission Regulation (EC) No 900/2008, to a change in categorization according to the 
table defining the agricultural component (EA) of the tariff, as required by Regulation from 
the Parliament and the Council (EC) No 510/2014 [28] and Council Regulation (EEC) No 
2658/87 [29], or to a change in tariff classification. The recipes of many food products 
include dairy ingredients potentially depleted in butyric acid such as skim milk powder, 
whey powder or buttermilk powder, though the amounts are frequently low. The US Dairy 
Export Council (USDEC) has on its website (www.usdec.org) a number of recipes for 
download indicating the typical amounts of dairy products used in certain fields of 
application. Considering typical fat contents of e.g. buttermilk powder (4,5 % to 7 %), a 
certain PAP would have to contain between 22 % and 14 % (weight by weight) of 
buttermilk powder to add 1 % of fat to the product. The contribution to the total fat 
content by skim milk powder or whey powder would be even lower as they contain typically 
less than 1.25 % of fat. The application of high amounts of dairy products for the 
preparation of certain PAPs is also limited by their contribution to other classes of 
nutrients. Table 2 provides information on the typical composition of selected dairy 
products. The information was retrieved from the webpage of the US Dairy Export Council 
and from the webpage of the New Zealand Institute of Chemistry [30]. 
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Table 2: Typical composition of US dairy products (column 1, 2 and 3), and expected depletion of butyric 
acid content in the milk fat (column 4) 
 
Protein content 
(%) 
(1) 
Fat content 
(%) 
(2) 
Lactose content 
(%) 
(3) 
Expected butyric 
acid depletion in 
the milk fat* 
(4) 
Whole milk powder 24.5 – 27.0 26.0 – 40.0 36.0 – 38.5 not depleted 
Skim milk powder 34.0 – 37.0 0.6 – 1.25 49.5 – 52.0 depleted 
Buttermilk powder 30.0 - 33.0 4.5 – 7.0 36.5 – 49.0 depleted 
Sweet whey powder 11.0 – 14.5 1.0 – 1.5 63.0 – 75.0 depleted 
Reduced lactose whey 
powder 
18.0 – 24.0 1.0 – 4.0 52.0 – 58.0 
depleted 
WPC 34 powder 34.0 – 36.0 3.0 – 4.5 48.0 – 52.0 depleted 
WPC 80 powder 80.0 – 82.0 4.0 – 8.0 4.0 – 8.0 depleted 
Whey protein isolate 
powder 
90.0 – 92.0 0.5 – 1.0 0.5 – 1.0 
depleted 
Sweet whey permeate 
powder 
3 – 8 <1.5 65 - 85 
depleted 
Casein and caseinates** 80.0-91.0 0.8 – 1.3 0.1 depleted***  
Source: US Dairy Export Council: www.usdec.org 
*   Based on data in this report 
**  Source: New Zealand Institute of Chemistry 
*** Finding based on samples obtained from laboratory chemicals supplier. 
This information was taken into account for the evaluation of the potential implication of 
butyric acid depleted products on the tariff classification of selected PAPs. 
PAPs produced by using milk fat from butter, cream, whole milk, or whole milk powder as 
the only dairy ingredient are not affected by a depletion of butyric acid. Hence, it is justified 
to expect that the method for determining the milk fat content according to point b of 
Article 2(3) of Commission Regulation (EC) No 900/2008 will continue to provide correct 
results.  
A detailed evaluation of selected products falling under CN codes for which the EA 
contributes to the applicable tariff is presented in ANNEX 4. This project is intended to 
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provide an indicative list of PAPS containing milk fat with a depleted butyric acid content. It 
has to be stressed that this analysis included only some products, which are directly 
available to the consumer. An exhaustive analysis of all relevant products imported into EU, 
including also intermediate products, was not feasible within this project. 
Based on this limited survey it was already possible to identify CN codes for which wrong 
tariff classification (according to the additional Meursing codes) might occur. These CN 
codes cover i.a. PAPs which contain high amounts of low fat dairy products (on basis of e.g. 
skimmed milk, buttermilk, or whey), and which lack any other sources of milk fat. These 
products are found under the codes 1806 90 70 (preparations containing cocoa for making 
beverages), 2106 10 80 (protein concentrates and textured protein substances), and also 
products falling under CN code 1901 90 99 (other preparations in the group: Malt extract; 
food preparations of flour, groats, meal, starch or malt extract, not containing cocoa or 
containing less than 40 % by weight of cocoa calculated on a totally defatted basis, not 
elsewhere specified or included; food preparations of goods of headings 0401 to 0404, not 
containing cocoa or containing less than 5% by weight of cocoa calculated on a totally 
defatted basis, not elsewhere specified or included).  
The Directorate-General for the Internal Market, Industry, Entrepreneurship and SMEs (DG 
GROW) screened in collaboration with the Directorate-General Taxation and Customs Union 
(DG TAXUD) import declarations of PAPs containing more than 30% milk protein and less 
than 6% milk fat over the period 2011-2013. They identified also PAPs which comply with 
this criterion under other CN codes.  
The analysis performed by DG GROW revealed declarations of high milk protein, low milk 
fat contents for some PAPs falling under the codes 1806 20 95, 1806 90 90 and 2106 90 
98.  
The same analysis of all import declarations, has shown that, although rather unexpected, 
some products falling under the CN codes 0405 20 10, 0405 20 30, 1704 90 51, 1704 90 
55, 1704 90 65, 1704 90 71, 1704 90 81, 1806 20 10, 1806 20 70, 1806 90 11, 1806 
90 50, 1806 90 60, 1905 20 10, 1905 31 11, 1905 31 19, 1905 31 91, 1905 32 11, 
1905 32 99, 1905 40 10, 1905 90 30, 2101 20 98, 2103 90 90, 3302 10 29 could also 
have a high milk protein (above 30%) and a low milk fat content (below 6%). 
Moreover, DG GROW pointed out that some products classified under CN 1901 90 91, 
2106 10 20 and 2106 90 92 (PAPs containing less than 1,5 % milk fat) may also contain 
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considerable quantities of dairy ingredients affected by a decreased butyric acid content. 
These goods do not bear an agricultural element in their import duty, but they are affected 
because of their description (Containing no milk fats, sucrose, isoglucose, glucose, or 
starch, or containing, by weight, less than 1,5 % milk fat, 5 % sucrose or isoglucose, and 
5 % glucose or starch). 
It has to be noted that all of the above mentioned CN codes cover both PAPs with and PAPs 
without high content of dairy products with a high milk protein and low milk fat content. 
Those codes cover thus both PAPs with a normal and PAPs with depleted butyric acid 
content in the milk fat they contain. It is thus impossible to make, on basis of the 
Combined Nomenclature Code, a distinction between PAPs with a depleted and PAPs with a 
normal butyric acid content in the contained milk fat.  
For PAPs containing exclusively dairy products with a high milk protein and a low milk fat 
content, it might be possible to revise the method for the determination of the milk fat 
content as laid down in Commission Regulation (EC) No 900/2008 [9]. The current project 
showed that the depletion of butyric acid in industrial dried low fat (<6.7 % fat content) 
dairy products introduced bias of about 52 % in the calculation of the per cent milk fat 
content. Hence, a viable solution for evaluating the milk fat content of PAPs, which are 
declared to contain besides other fats than milk fat only low fat dairy products, could be to 
increase for these products the factor for calculating the milk fat content per 100 g of fat 
from currently 25 to 50.  
Available data on casein and caseinates do not allow drawing solid conclusions on the 
magnitude of depletion of butyric acid. However, the question was raised whether products 
containing casein respectively caseinates could be misclassified under CN 2106 90 92 
(PREPARED FOODSTUFFS; BEVERAGES, SPIRITS AND VINEGAR; TOBACCO AND MANUFACTURED 
TOBACCO SUBSTITUTES > MISCELLANEOUS EDIBLE PREPARATIONS >Food preparations not 
elsewhere specified or included > Other > Containing no milkfats, sucrose, isoglucose, glucose or 
starch or containing, by weight, less than 1.5% milkfat, 5% sucrose or isoglucose, 5% glucose or 
starch) or CN 2106 90 98 (PREPARED FOODSTUFFS; BEVERAGES, SPIRITS AND VINEGAR; 
TOBACCO AND MANUFACTURED TOBACCO SUBSTITUTES > MISCELLANEOUS EDIBLE PREPARATIONS 
> Food preparations not elsewhere specified or included > Other > Other). Two aspects have to 
be addressed in that respect - the technological use of casein/caseinates, and the impact 
of the technological use of casein on tariff classification of the particular product.   
Table 3 provides an overview of the technological use and application levels of casein and 
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caseinates in different products intended for human consumption. The presented data was 
published in 1998 by Southward from the New Zealand Dairy Research Institute [30]. 
Table 3: Application of casein and caseinates in products for human consumption [30] 
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The technological application range in food is between 1 % and maximum 30 %, and in 
pharmaceuticals up to 95 %. However, the two CN codes are applicable to food only. Hence, 
it is justified to assume a maximum casein/caseinate content in the concerned food 
products of 30 %.  
Table 4 gives an overview of the contribution of certain amounts of high protein, low fat 
dairy products to the total fat content of PAPs. The presented data is based on theoretical 
considerations. The aim of the calculations was to estimate the maximum contribution of 
the dairy ingredient to the milk fat content in the PAP assuming that all milk protein is 
provided by the dairy ingredient. The minimum specifications of milk protein contents and 
maximum specification of milk fat contents, as provided by the US Dairy Export Council, 
were applied in the calculations of the amount of dairy ingredient in the PAP and of the 
contribution of the dairy ingredient to the milk fat content of the PAP [31]. The contribution 
of other ingredients of the PAP to the milk protein content was set to zero.  
For example, if a milk protein content of 6 % would have to be realised in a PAP with sweet 
whey powder as the only dairy ingredient, with a minimum milk protein content of 11 % 
and maximum milk fat content of 1.5 %, the PAP would have to contain up to 54.5 % 
sweet whey powder. The contribution of this amount of sweet whey powder to the milk fat 
content of the respective PAP would be at maximum 0.82 g / 100 g product. Similar 
simulations were performed for other dairy ingredients, as can be seen in Table 4.  
The calculated figures clearly demonstrate that the potential depletion of butyric acid in 
the high protein/low fat source material used for the preparation of a PAP has in many 
cases no effect on the tariff classification of the product, as the contribution of the low fat 
dairy ingredient to the milk fat content of the PAP is below the lowest milk fat threshold 
value of 1.5 %. A potential effect on tariff classification might be expected in PAPs with 
high milk protein content such as special dietary products for athletes, weight reduction, 
etc. 
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Table 4: Contribution of high protein/low fat dairy product to the milk fat content of a PAP 
with milk protein contents at threshold levels.  
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Table 4: continued 
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Conclusions 
The project aimed to evaluate which dairy products are affected by a depletion of butyric 
acid. Representative samples covering whole milk powder, skim milk powder, whey powder, 
whey protein concentrates and whey protein isolates were supplied by industry. The 
chemical analysis of these products revealed a depletion of butyric acid by about 50 % in 
skimmed milk products. Therefore, an adaptation of the factor to convert the amount of 
butyric acid methyl ester in milk fat to the amount of milk fat contained in the PAP should 
be considered. Since the content of butyric acid methyl ester in the fat extracted from 
skimmed dairy products was reduced by approximately 50 % compared to the butyric acid 
methyl ester content of whole milk fat, an increase of the conversion factor given in point 
(b) of Article 3(2) of Regulation (EC) No 900/2008 from 25 to 50 appears to be 
appropriate. Discrimination of milk fat lipids according to the size of fat globules during 
milk processing was identified as most likely reason for the depletion.  
Potentially significant effects of the butyric acid depletion of dairy ingredients on the tariff 
classification of processed agricultural products were identified for a number of CN codes. 
These are the codes 1806 9070, 2106 1080, and products falling under CN code 
1901 9099. 
However, additional research done by DG GROW of CN codes of PAP imports into the EU 
over a period of three years revealed that more CN codes are involved.  
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ANNEX 1 Dairy products produced from raw milk [2] 
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ANNEX 2 Details of chemical analyses 
 
Flow scheme of the fat extraction method according to Weibull-Stoldt followed 
by alkaline transesterification and analysis by gas chromatography with flame 
ionisation detection (GC-FID). 
 
 
  
 43 
Flow scheme of the fat extraction method according to ISO 14156:2012 to (Röse-
Gottlieb) followed by alkaline transesterification and analysis by gas 
chromatography with flame ionisation detection (GC-FID). 
 
  
 44 
Flow scheme of the fat extraction method and determination of phospholipids by 
HPLC-ELSD as described by Le et al. [10]. 
  
 45 
HPLC-ELSD chromatogram of the lipids extracted from a whole milk sample. 
(TG: triglycerides) 
 
  
 46 
ANNEX 3: Overview on production conditions of pilot plant samples 
 
Raw milk: Raw milk of about 20 cows was aggregated for the experiments. It was neither pasteurised 
nor homogenised. 
Skim milk: Raw milk of about 20 cows was aggregated and skimmed with a GEA Westphalia MTC milk 
separator. 
Fresh cheese: Milk of about 20 cows was aggregated and skimmed. About 60 l of the skim milk was 
pasteurised at 80 °C, followed by cooling to 20 °C. Rennet and lactic bacteria were added to the cooled 
skim milk. Liquid whey was removed from the cheese after 24 h. 
Butter: Cream was isolated from raw milk with a GEA Westphalia MTC milk separator. Lactic acid 
bacteria were added and buttermilk was separated from butter after 24 h by churning. 
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ANNEX 4: Evaluation of impact of potential depletion of butyric acid 
on tariff classification of PAPs 
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